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HIGHLIGHTS
The Minnesota Resuscitation Consortium has established a protocol for rapid transport of patients with refractory out-of-hospital VF cardiac arrest to the cardiac catheterization laboratory for rapid evaluation and stabilization often requiring ECMO. This protocol provides new challenges to treatment paradigms that were created to rapidly achieve return of spontaneous circulation in the field. PREPARATORY PHASE. We used 33 pigs with an average weight of 44 AE 3 kg. The surgical preparation under aseptic conditions, anesthesia, data monitoring, and recording procedures used in the present study have been described elsewhere (3) (4) (5) . Briefly, pigs were anesthetized with intramuscular ketamine (1,000 mg) followed by inhaled isoflurane at a dose of 0.8% to Chest compressions were performed using a specially designed automated device enabling control of compression and decompression amplitude. Compressions were supplied at a rate of 100 compressions/ min with a 50% compression-decompression duty cycle using a servomotor-driven piston with a neoprene suction cup that provides adequate area for compressions. Compression depth was set to 20% of the anteroposterior diameter or 2 inches, whichever was greater. The animals were treated with active compression-decompression and impedance threshold device to optimize perfusion for prolonged spontaneous circulation (ROSC) was achieved, the animal was declared dead. If ROSC was achieved, the animal was maintained for 4 h. ECMOþ animals were cannulated for venoarterial ECMO followed by LAD balloon deflation and resuscitation continued. If ROSC was not achieved within 15 min, the animal was declared dead. If ROSC was achieved, the animal was maintained for 4 h, at which time it was assessed for suitability for decannulation. ECMOþ pigs meeting criteria for decannulation were maintained for 1 more hour, assessed again for decannulation criteria, and then sacrificed at hour 5.
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CA (8). Chest compressions were paused only for defibrillation in the CPR-facilitated group until return of spontaneous circulation (ROSC) was achieved.
In the ECMO-facilitated group, chest compressions were continuous until ECMO was placed. Ventilation during CPR was performed using zero positive endexpiratory pressure and a tidal volume of 6 ml/kg at a rate of 10 breaths/min.
RANDOMIZATION. At the start of ACLS CPR, animals were randomized to receive either EPI or no EPI. At the end of ACLS CPR, they were further randomized to receive either ECMO-facilitated reperfusion or CPR-facilitated reperfusion (no ECMO). These randomizations resulted in 4 groups: EPIÀ, ECMOÀ
and EPIþ, ECMOþ (n ¼ 9).
DURATION OF CPR AND RESUSCITATION EFFORTS.
Resuscitation efforts were performed to closely simulate the out-of-hospital and in-hospital phases of the MRC clinical protocol. We describe each phase in detail subsequently. 
O u t -o f -h o s p i t a l C P R . The initial phase of CPR was

C a r d i a c c a t h e t e r i z a t i o n-b a s e d r e s u s c i t a t i o n .
After 45 min of CPR, pigs randomized to ECMO- The secondary endpoints included ROSC (as discussed previously), suitability for ECMO decannulation, hemodynamics, left ventricular ejection fraction (LVEF), and arterial blood lactic acid levels.
ECMOþ animals that survived were further evaluated for ECMO decannulation with an ECMO turn down.
Animals were deemed suitable for decannulation if they met 2 criteria: 1) sustained mean pulsatile aortic pressure of more than 60 mm Hg with a pulse pressure of >20 mm Hg on <1.5 l/min of ECMO support; and 2) LVEF >30% by echocardiographic evaluation.
Animals meeting these criteria were left at the lowest flow rate for another hour with continuous observation. 
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ARTERIAL BLOOD GASSES AND LACTIC ACID LEVELS.
There were no significant differences between groups in any arterial blood gas component (Table 1) . EPI led to significantly higher lactic acid ROSC. All animals that achieved ROSC were successfully defibrillated after LAD reperfusion, well after 45 min of CPR. Animals receiving ECMOþ had higher rates of ROSC versus ECMOÀ pigs (100% vs.
44%; p ¼ 0.0003). There were no significant ROSC differences in EPIþ versus EPIÀ animals (65% vs. 81%, respectively; p ¼ 0.438).
LEFT VENTRICULAR FUNCTION. In all surviving animals, LVEF decreased from 62 AE 7% at baseline to 25 AE 12% at 1 h after LAD reperfusion. The LVEF recovered to 37 AE 8% at hour 4. LVEF was independent of treatment groups. No differences were detected between treatment groups due to the limited number of survivors in the ECMOÀ groups. (19, 20) .
Prolonged CPR (45 min) was associated with a very low ROSC rate in the ECMOÀ group. Prolonged CPR combined with coronary ischemia decreases the probability of ROSC in humans (20, 21) . for animal studies, may also limit the differences observed in the study. Inhaled anesthetic agents, including isoflurane, which was used in this study, can provide cardioprotective effects (27) 
